The reactions of 5-arylfuran-2-carboxaldehydes with seven compounds containing an active methylene group have been studied in acetic anhydride, by both "classical" heating and under microwave assisted conditions. The compounds used are: ethyl 1,3-dioxo-indane-2-carboxylate, 2-amino-1-methyl-1,5-dihydro-4H-imidazol-4-one (creatinine), 2-thioxoimidazolidin-4-one (2-thiohydantoin), 1,3-thiazolidine-2,4-dione, 2-(1H-benzimidazol-2-ylthio)acetic acid, hippuric acid and 4-phenyl-4-oxobutanoic acid. The beneficial effect of microwave irradiation on these condensations was found in a shortening of the reaction time and increase in the yields.
Introduction
This paper is a continuation of our previous publications in which we have studied the beneficial effect of microwave irradiation on condensation reactions. [1] [2] [3] [4] The microwave-induced activation and acceleration of various reactions has several advantages and is suitable for use with polar and thermolabile compounds. 5 The high irradiating efficiency in a short time gives rise to remarkable rate enhancement. We report herein the application of microwave irradiation to the condensation reaction between 5-arylfuran-2-carboxaldehydes (1) and the sodium salt of ethyl 1,3-dioxoindane-2-carboxylate (2), 2-amino-1-methyl-1,5-dihydro-4H-imidazol-4-one (creatinine) (3), 2-thioxoimidazolidin-4-one (2-thiohydantoin) (4), 1,3-thiazolidine-2,4-dione (5), 2-(benzimidazol-2-ylthio)acetic acid (6), Hippuric acid (7), and 4-phenyl-4-oxobutanoic acid (8) .
Results and Discussion
For many years, the β-dicarbonyl compounds have been studied intensively owing to their synthetic and biological significance. The most known methods for preparation of β -dicarbonyl compounds are rearrangements of phthalides or the condensation of indane-1,3-dione with carbonyl compounds.
14 Well known indane-1,3-dione derivatives are also important as anticoagulant drugs or rodenticides. 15 Theoretical aspects and physicochemical properties of β-dicarbonyl compounds were studied systematically by Perjéssy et al. 16, 17 In this study we used a new, easy and effective modification of the preparation of indane-1,3-dione derivatives, starting from the sodium salt of ethyl 1,3-dioxoindane-2-carboxylate (2), which is available via Dieckmann condensation 18 
Scheme 1
The continuation of this study was to investigate the condensation of five-membered lactams 3-5 with 1. The 5-arylfuran-2-carboxaldehydes (1) were condensed with three selected fivemembered heterocycles, 2-amino-1-methyl-1,5-dihydro-4H-imidazol-4-one (creatinine) (3), 2-thioxoimidazolidin-4-one (2-thiohydantoin) (4), and 1,3-thiazolidine-2,4-dione (5), in acetic anhydride in the presence of potassium acetate under microwave or classical conditions afforded the condensation products 10-12 (Scheme 2).
The isolated products were formed from both components by the normal condensation. No secondary product from one molecule of aldehyde with two molecules of the methylene heterocycle was obtained. 
Scheme 2
The NH 2 group of 10a,b,d was acetylated in the course of the reaction. The difference in reaction times between these two condensation methods-"classical" or the microwave procedure was evident. The duration of the reaction by the "classic" method was about 3-5 h at 100-110 o C, but under microwave conditions, 6-9 min. at 400W. The yields of the expected products by both procedures were comparable ( Table 1 ). The reactions of 5-aryl-2-furancarboxaldehydes (1) with the acids 6-8 were realized between equimolar quantities of components, under irradiation or classical heating conditions, and produced condensation products in good yields (60-86%) under both conditions, giving the compounds 13-15 (Schemes 2, 3, 4). 
Scheme 4
The corresponding substituted acetic acids 6-8 in acetic anhydride and base catalyst gave in situ the heterocycles A, B and C possessing an active methylene group, as illustrated in Scheme 5. The five-membered lactones and lactams A-C formed became the compounds with higher acidity of the active methylene group in comparison with the starting acids. Likewise, the cyclization of the substituted acetic acids 6-8 was carried out in acetic anhydride under microwave conditions for 6-10 min. smoothly and completely without by-products. 
Scheme 5
The lactones 15, which are anhydrides of γ-hydroxy unsaturated acids, reacted with formamide at 110 °C forming lactams-derivatives of 2,3-dihydropyrrol-2-one 16 (Scheme 4), precursors for unsaturated γ-amino acids, which will be possible to obtain after hydrolysis. Formamide is a versatile reagent for inserting of amino group in molecules. Formamide reacts with α-hydroxy-, α-halo-or α-aminoketones to form imidazole, also oxazoles can form into imidazoles, 19 it changes phthalides into phthalimidines. 20 The products of condensation are stable solid compounds, rather insoluble in common solvents, with high melting points. Isolation of products from the reaction mixture is very easy, because they are insoluble in acetic anhydride: after 1 day cooling in the refrigerator they were removed under suction and crystallized from ethanol, chloroform, or a mixture of ethanoldimethyl sulfoxide.
Because of their poor solubility in DMSO, we had to measure their 1 H-NMR spectra at elevated temperature. The resonance signals and their multiplicity confirmed the proposed structures.
Experimental Section
General Procedures. Elemental analyses and 1 H-NMR spectra characterized the products.
Melting points of products were determined on Kofler hot-plate apparatus and are uncorrected. All solvents were pre-distilled and dried appropriately prior to use. 1 H-NMR spectra were measured on a 300 MHz spectrometer VARIAN GEMINI 200 in DMSO-d 6 or CDCl 3 and with tetramethylsilane as internal standard. Coupling constants (J) are quoted to the nearest 0.1 Hz. Chemical shifts (δ-scale) are quoted in parts per million and the following abbreviations are used: s=singlet; d=doublet; t=triplet; q=quartet; m=multiplet; br=broad. All microwave experiments were performed in a Lavis 1000 Milestone multi Quant (multimode) microwave oven. The apparatus was modified for laboratory applications equipped with magnetic stirring and an external reflux condenser. The temperature of mixture has been determined by reflux of acetic anhydride. Elemental analyses were determined using a Carlo Erba CHNS-OEA 1108-
